The impact of progressive WHLs on internal medicine (IM) resident wellbeing may be more difficult to assess. A meta-analysis of survey studies suggests that the 2003 WHLs may have contributed to reduced burnout incidence among residents. 10 However, a multisite study found that the 2011 WHLs had no effect on year-end burnout prevalence. 11 A systematic review in 2015 found that depression was still prevalent among residents, and that the incidence may be increasing over time. 12 Finally, a large, multisite, multispecialty study on resident perceptions of the 2011 WHLs found that only interns perceived the WHLs to have a positive impact on quality life (61.8%) compared with 13.9% of senior residents reporting a positive effect and 49.7% reporting a negative effect. 13 To our knowledge, no previous analysis has measured changes in validated resident well-being metrics at one institution across three time points spanning two iterations of WHLs. We therefore chose to compare scores on resident well-being questionnaires from 2001, 2004 , and 2012 at our multisite, university-based IM residency program.
Abstract
Purpose To measure changes in markers of resident well-being over time as progressive work hours limitations (WHLs) were enforced, and to investigate resident perceptions of the 2011 WHLs.
Method A survey study of internal medicine residents was conducted at the University of Washington's multihospital residency program in 2012. The survey included validated well-being questions: the Maslach Burnout Inventory, the twoquestion PRIME-MD depression screen, and career satisfaction questions. Chi-square tests were used to compare 2012 well-being questionnaire responses against nearly identical surveys conducted in 2001 and 2004 at the same institution. In addition, residents were asked to rate the impact of WHLs on resident well-being and education as well as patient care, and to state preferences for future WHLs. Given prior studies showing a limited impact of reduced work hours on rates of burnout and depression in residency, [10] [11] [12] 14 we hypothesized that resident wellbeing in 2012 would remain similar to that reported in 2001 and 2004 despite implementation of the 2011 WHLs.
Results

Significantly
Method
Study design and setting
To evaluate the impact of the 2011 WHLs, we mailed a 58-item, anonymous, selfadministered survey to residents' homes in the spring of 2012. The survey addressed the perceived impact of the latest WHLs, and several validated questionnaires assessing resident well-being. Many sections of the survey were purposefully identical to surveys mailed to residents in the same residency program in spring 2001 and spring 2004. In our program, the vast majority of our inpatient rotations included 24+ hour call for both interns and senior residents prior to the 2011 WHLs.
Participants
All residents in the University of Washington Affiliated Hospitals Internal Medicine Residency Program were eligible to participate. Within this program, all residents rotated through three separate hospitals in Seattle, and some residents spent their entire second year in Boise, Idaho. As an incentive to participate, residents who returned a separately mailed postcard indicating that they had completed a survey were eligible for a drawing for one of three $100 gift certificates. The University of Washington Human Subjects Institutional Review Board approved the study. Information regarding this study and about available mental health resources for residents was distributed to the residents before, during, and after the study.
Survey details
The 2012 survey consisted of validated markers of resident well-being; questions assessing resident perception of the impact of the 2011 WHLs on resident well-being, patient care, and resident education; and questions regarding resident preferences for WHLs structure in the future. Participants were permitted to skip any questions that they did not feel comfortable answering. Details of 2001 and 2004 study procedures have been described previously. 2, 14 Missing values were handled consistently across the three surveys.
The 22-item Maslach Burnout Inventory 15 (MBI) was used to measure burnout. According to convention, burnout was defined as a high score on either the depersonalization or emotional exhaustion subscale. Depression was assessed using the validated two-question PRIME-MD depression screen. 16, 17 Career satisfaction was assessed using questions that have been used and described previously. 2, 14 All of the questions assessing resident well-being in 2012 were identical to the questions asked in 2001 and 2004.
The survey also included questions about the perceived impact of the latest WHLs on patient care, resident education, and resident well-being. These questions were identical to questions from the 2004 survey. Participants were asked to respond using five-point Likert scales describing agreement (1 indicates strongly disagree; 2, somewhat disagree; 3, neutral; 4, somewhat agree; and 5, strongly agree) or the nature of the effect (1 indicates strong negative effect; 2, somewhat negative effect; 3, little or no effect; 4, somewhat positive effect; and 5, strong positive effect). For analytic purposes, questionnaire responses were dichotomized, with a response > 3 scored as "positive."
Finally, there was a question specific to only the 2012 survey asking what work hours structure residents would prefer moving forward.
Statistical analyses
We used descriptive analyses to compare resident characteristics across the three study periods (2001, 2004, and 2012 . 
Validated markers of resident well-being
Resident preferences for future WHLs
When asked which work hours scenario they would prefer moving forward, 69% (47/68) of senior residents favored reverting to the pre-July 2011 system of duty hours limitations, in which all residents would have 24 + 6 hour call shifts. R1s were more divided, with 40% (18/44) favoring reversion to the pre-July 2011 system but 38% (17/44) favoring limiting all residents (including R2s/ R3s) to 16 hours of continuous duty ( Figure 2 ).
Discussion
In this observational study of validated resident well-being measures at a multisite academic IM training program, we found that significantly different proportions of residents met burnout criteria and screened positive for depression when we compared survey responses between 2001, 2004, and 2012. Our residents had the lowest rate of burnout and depression in 2012, after both iterations of ACGME WHLs had been implemented. However, in contrast to this improvement in validated markers of resident well-being over time, we found that residents' perceived impact of the 2011 WHLs on their well-being was overall negative/neutral-largely driven by the negative perceptions of R2s/R3s. Residents also perceived that the 2011 WHLs had a largely negative/ neutral effect on the quality of patient care and their own medical education. Lastly, we found that most R2s/R3s and a substantial proportion of R1s indicated a preference to return to pre-2011 WHLs.
Previous single-site survey studies of resident well-being in association with the 2003 WHLs have shown an overall trend toward improvement in resident well-being after the 2003 WHLs. [18] [19] [20] This notion is corroborated by the finding at our institution. 14 In contrast, published studies of resident well-being markers have not shown improvement after implementation of the 2011 WHLs. 11, 21, 22 It is difficult to say whether our study contradicts these other studies of wellbeing in relation to the 2011 WHLs. In our study, significantly fewer residents Residents at our program and in a national cohort 13 felt that the 2011 WHLs had an overall neutral to negative impact on patient safety. We did not include objective measures of patient safety in our study; however, a national study of Medicare data suggested that the 2011 WHLs were not associated with a reduction in 30-day mortality or 30-day readmissions. 8 The ongoing iCOMPARE study should provide another objective look at the impact of the 2011 WHL recommendations on patient care.
Even more uniform in our study was the residents' perception of a negative effect of the WHLs on their education, with a majority of both R1s and R2s/R3s reporting a compromise to the quality of their medical education. This perception, too, is corroborated by several other studies. 5, 13 This makes sense given that the opportunity for residents to participate in non-patient-care educational activities, including attending rounds, self-directed reading, and teaching conferences, is in direct conflict with completing necessary patient care tasks in a timely fashion in order to leave the hospital (so-called "work compression"). Night rotations designed to achieve WHLs may also be less educational: We previously reported that night float rotations are associated with less attendance at educational conferences, less attending teaching time, and lower perceived educational value. 23 Additionally, WHLs may result in proportionately more admissions that are previously admitted transfers from other teams (i.e., night float or intensive care) and already largely evaluated. Given these largely negative perceptions, it is not surprising that most R2s/R3s and many R1s favored a return to the pre-2011 WHLs structure. Our study has several strengths, including the use of validated measures of resident well-being, the longitudinal design spanning 11 years at the same institution, and the relatively high response rate. Additionally, our program has multiple hospital settings, including county, university, and Veterans Affairs hospitals, and is typical of many residency programs.
Our study also has several limitations. and 2012, allowed for perspectives from R2s/R3s who had experienced both systems, but also assessed the impact of rotation structures and workflow that had not been given time to be fully optimized. It is possible that our findings would have been different if other years were chosen. Of course, this was an observational survey study that also carries the limitations inherent to this study design. We cannot infer causality based on our findings, and the survey may have been subject to recall bias or conformity bias. Finally, because individual-respondent-level data on year in training and marital status were not available for the 2001 and 2004 cohorts, we were unable to control for potential confounding by these demographic factors. As shown in Table 1 , however, demographic characteristics of residents in our program have been relatively stable over the years studied.
Overall, our study provides a unique assessment of a decade of WHLs and supports that some WHL aims with improved resident well-being may have been achieved, at least objectively, if not perceived by the residents themselves. However, we remain concerned about the potential negative impact on resident education and the uncertain impact on the quality of patient care. The ongoing iCOMPARE study may help answer some of these outstanding questions, but further research into resident workload, work compression, and sleep is essential if further WHL mandates are being considered.
